Electron density map as obtained from MR-SAD phasing in PHASER and subsequent density modification in DM. The map is contoured at 1.5 σ and exhibits clear solvent-protein boundaries. The figure is centered on two VEGFR-1 D2/VEGF-A complexes positioned by molecular replacement and related by 2-fold crystallographic symmetry around y axis (VEGFR-1 D2 is colored red, VEGF-A is colored yellow). A, view on the whole unit cell along the y axis. B, Zoom-in of panel a. The density corresponding to Ig-domains D1, D3 and D4 is indicated by labels. Translation function z-scores (TFZ) and log-likelihood gains for the fitted domain (LLG1) were used to select a model for further use (red circle). Electron density fit only weakly correlated with Rosetta energy (Total Energy, color with labels giving ranked energy). 
Supplemental Experimental Procedures Production and purification of recombinant proteins
Human VEGF-A121 (here denoted as VEGF-A) was produced in Pichia pastoris as described before (Scheidegger et al., 1999) . Human VEGFR-1 D1-3 (residues 1-339), D1-6 (residues 1-660), D2-7 (residues 132-750) and D1-7 (residues 1-750) were expressed as secreted proteins in Sf21 insect cells, as described previously (Brozzo et al., 2012) . The proteins were purified from culture supernatant by immobilized metal affinity chromatography (IMAC) followed by size exclusion chromatography (SEC) on Superdex 200 HR 16/600 (GE Healthcare) equilibrated in 25 mM HEPES pH 7.5 and 500 mM NaCl. For the formation of VEGFR-1 ECD/VEGF-A complexes, an equimolar amount of receptor and ligand were mixed and the complexes were purified by SEC.
Size exclusion chromatography coupled to multi-angle light scattering (SEC-MALS)
100 µl protein samples at a concentration of 1 mg/ml were injected onto a Superdex 200 HR 10/300 column for SEC-MALS determination (GE Healthcare). The column was equilibrated in 25 mM HEPES pH 7.5, 500 mM NaCl at 20°C, using an Agilent 1100 HPLC system. Light scattering and differential refractive index were recorded using a Wyatt miniDAWN Tristar detector and a Wyatt Optilab rRex detector, respectively. Wyatt Astra software was used to collect and process the data and to calculate the molar mass from a global fit of the light scattering signals from three detectors at different angles and the differential refractive index signal.
Small angle X-ray solution scattering (SAXS)
SAXS data acquisition was performed at the X12SA-beamline (cSAXS) at the Swiss Light Source at the Paul Scherrer Institute in Villigen, Switzerland. The intensities of the scattered X-rays were recorded on a Pilatus 2M detector using a wavelength of λ = 1 Å. Data was collected in the scattering vector range of 0.008 Å -1 -0.4 Å -1 , where the length of the scattering vector is given as s = 4πsinθ/λ (2θ is the scattering angle). Silver behenate was used as a standard for calibration of the s-range (Huang et al., 1993) . Three concentrations were measured per protein sample using quartz capillaries with a diameter of 1 mm (Hilgenberg GmbH). To record background scattering, the protein buffer was measured in the same capillaries prior to protein data acquisition. Exposures of 0.5 s were taken at ten different spots along the capillary. The data was monitored for radiation damage and all frames showing no radiation damage were merged and averaged for further data processing. The collected SAXS data were integrated and radially averaged utilizing our own MATLAB-scripts (J. Missimer & K. Kisko, unpublished). Using PRIMUS from the ATSAS (Petoukhov et al., 2012) program package14, the background scattering was subtracted and data of different concentrations were merged. In order to check for proper protein folding of all measured samples Kratky-plots were calculated. The distance distribution function P(r) was calculated using GNOM and the program AUTOGNOM.
Negative stain single particle electron microscopy (EM)
In order to stabilize the VEGFR-1 D1-7/VEGF-A complex for negative stain EM, samples were prepared using GraFix (Kastner et al., 2008) . Briefly, 150 pmol of the complex were applied onto a 5-20 % glycerol gradient containing 20 mM HEPES pH 7.5, 150 mM NaCl in the presence or absence of 0.2% glutaraldehyde. The samples were centrifuged for 18 hrs at 40'000 rpm in a SW60Ti rotor (Beckman-Coulter), which correlates to an average RCF value of 164'326 x g. The gradients were harvested from bottom to top with a peristaltic pump collecting 120 μl fractions. Protein containing fractions were detected using Roti ® -Quant reagent (Carl Roth GmbH + Co. KG) for protein quantitation according to Bradford. In addition, protein containing fractions were analyzed by SDS-PAGE to verify the presence of the complex. Cross-linking reactions were quenched with the addition of 5x quenching buffer (20 mM HEPES pH 7.5, 150 mM NaCl, 0.4 M glycine). For negative stain EM, 5 μl of undiluted sample was adsorbed to a freshly glow discharged thin carbon film supported on a 200 mesh copper grid and incubated for 1 min. at room temperature. The excess sample was blotted away using filter paper. Three consecutive washes using 20 mM HEPES pH 7.5, 150 mM NaCl and one wash with 2% uranyl acetate was performed followed by 20 s staining with fresh 2% uranyl acetate. Negative stain EM data were collected on a CM-100 microscope (Philips) equipped with a Veleta 2k x 2k CCD camera (Olympus). The voltage used was 80 kV and the magnification was set to a nominal value of 130'000 x. From 126 micrographs 4883 particles were picked manually using XMIPP (Scheres et al., 2008) . Inferior particles and particles with a z-score >3 were discarded. 4536 particles were boxed in 100 x 100 pixel boxes and subjected to alignment and classification into 24 2D class averages using maximum-likelihood target function (ML2D) implemented in XMIPP using 100
iterations (Scheres et al., 2005) . After 49 iterations ML2D reached convergence.
Comparison of the crystal and EM structure of the VEGFR-1 D1-7/VEGF-A complex
The composite model of the VEGFR-1 D1-7/VEGF-A complex was converted into density volume filtered to 25 Å resolution using the Bsoft software package (Heymann and Belnap, 2007) . The volume was then used to calculate projections at an angular interval of 15° with the SPIDER image processing suite (Frank et al., 1996) .
The projections with the most similar features to the experimental 2D averages were selected. Density volumes and ribbon diagrams were displayed and oriented with the UCSF Chimera package (Pettersen et al., 2004) .
Isothermal titration calorimetry (ITC)
The measurements on VEGFR-1 were performed at 20°C in 25 mM HEPES pH 7.5, and 150 mM NaCl (ITCbuffer) using an iTC200 calorimeter (MicroCal ® , GE Healthcare). The proteins were purified on a Superdex 200 10/300 column (GE Healthcare) equilibrated in ITC-buffer and dialyzed against ITC-buffer overnight at 4°C prior to analysis. The calorimeter cell contained VEGFR-1 D1-7 or VEGFR-1 D1-3 at concentrations ranging from 4.4
to 30 μM and the ligand VEGF-A121 was used in the syringe at concentrations ranging from 22.5 to 100 μM. All samples were equilibrated to the measurement temperature and degassed prior to ITC analysis. The following settings were applied: one initial injection of 1 μl followed by 15 injections of 2.6 μl at an injection speed of 1 μl/s with a data filter of 1 s and 300 s recovery time between each peak. The software Origin 7.0 (OriginLab ® ) was used for data analysis.
Cell transfection and determination of receptor activity
NIH 3T3 cells were grown in 10% calf serum in Dulbecco's Modified Eagle's Medium (DMEM) and transfected using a modified peGFP-N1 vectors (Takara Bio Europe/Clontech) carrying either wt VEGFR-2, or a mutant T446E/K512A where residue K512 was replaced by A and T446 by E. All expression vectors were generated by
Gibson assembly (Gibson et al., 2009 ). 8 µg DNA in 0.8 ml serum-free medium were mixed with 16 µl PEI (Polyethyleneimine, stock 1 mg/ml, Aldrich 408727, 25 kDa branched), incubated for 10 minutes at RT for the complex to form. The medium in the culture dishes was replaced with 1.6 ml DMEM containing 0.5% serum and the DNA/PEI complex was added for 5 hrs. Cells were incubated for 20 hrs after addition of 1 ml DME with 10%
